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saprolite deposits tend to be concentrated in veinlets and nod-
ules and tend to consist of several different minerals, bulk
samples from test pits or trenches are essential for beneficiation
and metallurgical tests. One analytical method used in the field
is simply the determination of weight loss as a function of
temperature, because different ore minerals lose their hydroxyl
water at different temperatures. Semimobile field laboratories
having atomic absorption, photoelectric colorimeter, and heat-
pressure-digestion systems for analysis are also in use. X-ray
diffraction and emission analysis in permanent laboratories are
used to support exploration programs.

Many deposits are concentrated in sink holes in carbonate
rock, and therefore enclosed depressions are favorable places
to search. Unusual red, dark brown, or black colored earthy
material also may indicate favorable ground. Other physical
properties, such as the high specific gravity of barite or the
pisolitic texture of bauxite, also attract attention.

Exposures of leached cappings of oxidized and enriched de-
posits commonly attract attention because of their weathered
cellular characteristics and abundance of red, yellow, and brown
Fe oxide and hydroxide minerals. Those above sulfide deposits,
called gossans, commonly contain recognizable textural evi-
dence of pyrite and other sulfide minerals and have subsidence
features (Blanchard, 1968). Secondary chalcocite and related
sulfide minerals are typical of the enriched zone below the
cappings.

The primary tool in the search for oxidized Fe ores is the
airborne magnetometer, which detects the magnetic protore.
Once favorable areas are located, detailed geologic mapping
and ground magnetic surveys, possibly supplemented by grav-
ity surveys, serve to outline targets for drilling.

GAPS IN KNOWLEDGE

Many shortcomings exist on the understanding of weathering
as ore-forming processes. Among the principal reasons is the
fact that most geologists, because of training and interest, do
not recognize the abundance of challenging problems. There-
fore, they concentrate on fresh rock and minerals, and they
consider soil and weathered rock to be undesirable material
that only obscures subjects of greater interest. Weathering
processes also are not so attractive as other topics of research
because the products are typically fine grained and contain may
intergrown noncrystalline and poorly ordered phases. They are
difficut to characterize even with such modern methods as x-
ray diffraction, electron microscopy, and infrared and electron-
probe analyses. Equipment of this type is not portable. More-
over, it cannot be used directly where weathering of rocks is
in progress without disturbing natural environments, which
results in gaps between experimental and field observations.
On the other hand, the pressure-temperature environments
of weathering are such that experimental equipment can be
inexpensive and the reactions more easily observed than those
of the magmatic and hydrothermal processes.

Especially difficult problems result from the tendency for
the kinetic factors to dominate the thermodynamic ones and

in understanding and monitoring the processes in progress on
minute scales. A few of the types of difficulties caused by these
problems follow: (1) In some of the laboratory experiments on
weathering, the first bauxite mineral formed is boehmite, and
this mineral later changes to gibbsite. Ample field evidence
and geological associations indicate that gibbsite forms in the
early stages of weathering and later alters to boehmite. (2) Eh
or pH measurements in the field are made with probes in
saturated ground, and it is extremely difficult to obtain mean-
ingful reproducible results. The Eh or pH of the water sur-
rounding the probe may be quite different from that of the
molecular layers of water surrounding the mineral being altered
by weathering. (3) The roles of organic complexing and bacteria
activity have been established in the laboratory, but observa-
tions and measurements of their activity and products in nature
are still problemmatical. For example, Oborn and Hem (1961)
established in experiments that bacteria can influence the
movement of Fe and other elements. This and other research
support the conclusion that bacteria are important in weath-
ering, but how they contribute to the formation of several types
of ore deposits in nature remains little better than weakly sup-
ported theory. Among the reasons are that the complexities of
natural environments cannot be duplicated in the laboratory
and even a short interval of geologic time cannot be repeated
in experiments.

Still other problems concerned with shortcomings in knowl-
edge about some types of weathering are rooted in geography
and the competitive nature of industry. Part of the reason for
the inadequate studies of weathering processes in North America
is that they are most active and, therefore, can best be studied
in the tropics, which are remote from our academic and gov-
ernment research centers. Most North American geologists
working with tropical laterite-saprolite ores are in industry,
The company geologist who has both the time and facilities to
study the scientific aspects of ore formed by weathering is rare,
and permission to publish his findings is even rarer. Perhaps
the latter factor is why so many of the advances in studies of
laterites have come from eastern Europe, particularly Hungary
and the U.S.S.R. The U.S.S.R. has had active teams pros-
pecting for bauxite in several developing countries recently.
In the Republic of Guinea, which recently increased its annual
bauxite production to more than 10 million tons, an output
surpassed only by Australia and Jamaica, Soviet geologists are
on the staff of the national university and the U.S.S.R. is spon-
soring a new mining engineering school. In 1978 this school
had 25 Soviet geologists and mining engineers on its staff. A
second point not to be overlooked is that geologists in western
Europe, particularly in France, which still has possession or
heritage ties to several countries in the tropics, have made
numerous contributions to the knowledge of weathering that
are not widely known in the United States.

SUGGESTED FIELDS OF RESEARCH

A great deal of research and synthesizing of knowledge is needed,
and many projects could contribute to the understanding oif